 Description of XFA evaluation  table S1. Hydrodynamic diameter dh, polydispersity index (PDI), hard sphere diameter d(sem), and glass transition temperature Tg of particles used in this study.  fig. S1 . Temperature-dependent specific heat capacity of the investigated samples.  fig. S2 . Temperature-dependent thickness and density of co-assembled colloidal crystals.  fig. S3 . Temperature-dependent and thickness-corrected thermal diffusivity of the measured colloidal specimens.  fig. S4 . Temperature-dependent thermal conductivity of coassembled colloidal crystals from two particles having a Tg of ~61° and ~103°C.  fig. S5 . Optical micrographs of a two-layer colloidal monolith made by filtration, and a two-layer monolith fabricated by a combination of evaporation-induced self-assembly and filtration.  fig. S6 . SEM cross section images of the gradual film formation of crystalline binary assemblies.
Supplementary Materials

Description of XFA evaluation
Size and Tg of particles used in this study. Set-1 of particles refers to the adjustment of the desired transition temperatures, whereas set-2 has been used for co-assemblies as well as for multi-layer assemblies.
table S1. Hydrodynamic diameter dh, polydispersity index (PDI), hard sphere diameter d(sem), and glass transition temperature Tg of particles used in this study. 
Laser flash Analysis (LFA)
Laser Flash Analysis (LFA) was measured on colloidal monoliths possessing a thickness of several hundred micrometers. The monoliths were coated with a thin graphite layer on the bottom a top side before the measurement. The coating ensures a sufficient IR absorption and emission. A xenon lamp emits a light pulse onto the sample. The thermal energy of the light pulse is absorbed at the bottom graphite layer and travels through the specimen. The thermal energy is then emitted from the top side. This temperature rise is recorded in dependence of the elapsed time by a fast mid-infrared detector. A numerical fitting procedure provided by the commercial software package Aprosoft Laser Flash Evaluation v1.06 based on the one-dimensional temperature diffusion equation was used to determine the thermal diffusivity .(L. Dusza, Combined solution of the simultaneous heat loss and finite pulse corrections with the laser flash method. High Temp. -High Press. 27, 467-473 (1995) ) For this, accurate knowledge of the sample thickness is a prerequisite, as the thickness strongly influences half-rise time as given by: 
Thickness and density assumptions for LFA evaluation
Due to experimental limits, it is not possible to follow changes of the sample thickness d in-situ during the LFA measurement. Since  is proportional to d 2 and the polymer colloidal crystals decrease their thickness during the sintering process, it is necessary to pre-determine the temperature-dependent thickness behavior of the investigated samples to obtain accurate values for , as well as changes in density based on the loss of porosity. The assumptions made for the differently assembled specimens are elucidated in the following.
Single Tg colloidal monoliths (Fig. 2) : The thickness and density of the colloidal monoliths was measured before and after the temperature-dependent LFA experiment. Since these crystals show a sharp increase of its thermal conductivities at Tg, a step-function has been applied to the temperature-dependent thickness and density behavior.(F. A. Nutz, P. Ruckdeschel, M. Retsch, J. Colloid. Interf. Sci. 457, 96-101 (2015) ) This was done by using the thickness/density measured before the LFA experiment until Tg, and the thickness/density values measured after the LFA experiment after exceeding Tg for calculations of and .
Co-assembled colloidal crystals (broad transition, Fig. 3 ): The initial and final thickness and density were determined before and after the LFA measurement. To determine the temperature-dependent thickness/density behavior, several co-assembled colloidal crystals were annealed at various temperatures for 30 min. The thickness and density of the co-assembled crystals were measured after the annealing step. The relative loss in thickness and the temperature-dependent density are shown in fig. S2 .
fig. S2. Temperature-dependent behavior of thickness (A) and density (B) for co-assembled colloidal crystals.
The linear interpolation is displayed as a red line. While the thickness decreases during heating, the density increases. Error bars result from three individual measurements.
The temperature dependent thickness and density profile were then adapted for the calculations of  and .
Multi-layered colloidal monoliths (multiple steps): The thickness and density of the colloidal monoliths were measured before and after the temperature-dependent LFA experiment. The thickness/density was assumed to decrease/increase in a step-like manner at the specific Tg, corresponding to the relative amounts of particle dispersion used for each layer.
The combination of a broad transition followed by a step-like increase: A linear decrease/increase of the thickness/density to 50% of the overall decrease/increase has been assumed for the broad transition until the glass transition temperature of the higher Tg particle within the co-assembly layer. Additionally, a decreasing/increasing step-function was applied for the thickness and density at the Tg of the upper PMMA particle layer.
Thickness-Corrected Thermal Diffusivity
To ensure that the presented trends do not arise from density or specific heat corrections, the thickness-corrected thermal diffusivity obtained from the XFA experiment are displayed in fig.  S3 . Without thickness correction, the steps and transitions would be even more pronounced. 
Thermal conductivity of co-assembled colloidal crystals
Although 50%:50% co-assembled colloidal crystals do show a broad transition between both Tg of the particles used for the assembly, this behavior has not been observed for other mixtures. The temperature-dependent thermal conductivity of a 75%:25% and 25%:75% mixture are illustrated in fig. S4 . Only a step-like increase of the thermal conductivity of these assemblies is visible at the correspond Tg of the majority polymer particle. fig. S4 . Temperature-dependent thermal conductivity of coassembled colloidal crystals from two particles having a Tg of ~61° and ~103°C. Only a step-like increase is visible for compositions of (A) 25%:75% and (B) 75%:25%. Error bars arise from three individual measurements. Closed symbols represent the heating cycle, open symbols the cooling cycle. fig. S5 . Optical micrographs of a two-layer colloidal monolith made by filtration, and a twolayer monolith fabricated by a combination of evaporation-induced self-assembly and filtration. (A) Only weak opalescence is visible throughout the entire monolith based on the fast sample preparation which prevents the particles from large area crystallization. (B) Based on the evaporation-induced co-assembly of the bottom layer, this layer shows opalescence colors due to Bragg reflection, whereas the upper layer fabricated by filtration does not. fig. S6 . SEM cross section images of the gradual film formation of crystalline binary assemblies. The film formation is gradually progressing with incrasing temperature.
